Abstract
2.3. Index tests. This study included only studies examining the diagnostic accuracy of both baseline cTn alone and adding copeptin to cTn measured in blood samples obtained upon admission to the ED. The cTn index tests included conventional and high-sensitivity assays. Copeptin index tests included manual immunoluminometric assays and automated immunofluorescent assays.
Reference tests.
The reference standard was comprised of all available medical records including cTn assay results. NSTEMI is defined by electrocardiographic ST-segment depression or prominent T-wave inversion and positive biomarkers in the absence of ST-segment elevation and in a clinical assessment [1, 13] .
Search strategy
Two experienced reviewers (H. Shin and C. Ahn) performed the literature search on April 13, 2018 . The search encompassed the MEDLINE (1974 to April 11, 2018) and EMBASE (1974 to April 11, 2018 ) databases via the Ovid interface and the Cochrane Library (all years). The following keywords were searched: copeptin, myocardial infarction, acute coronary syndrome, coronary artery disease, and angina. No language restrictions and no methodology filters were used. S1 Table presents the details of the search strategies. Articles that reported any prospective or retrospective observational studies were included.
Study selection
The reference management software Endnote 7.4 was used for all identified studies. The title, abstract, and type of each of the identified articles were examined by two reviewers. Those articles that fell under the exclusion criteria (reviews, case reports, editorials, letters, comments, conference abstracts, or meta-analyses; animal studies; duplicate studies; irrelevant population; irrelevant index test; and irrelevant outcomes (Fig 1)) were not considered. In case of disagreement between the two reviewers, a third reviewer (BH Jang) intervened, and differences were discussed until a consensus was reached. The full texts of the chosen articles were acquired, which were then rescreened and evaluated more thoroughly for eligibility using the same exclusion criteria.
Data extraction
The two reviewers obtained the characteristics and results of selected studies. Studies with lacking data despite contacting the authors were excluded from the meta-analysis. Data regarding true-positive, false-positive, false-negative, and true-negative results for individual studies were obtained. Variables such as the use of different cut-points for copeptin and both conventional and high-sensitivity cTn were considered. The following variables were also extracted from studies: first author, year of publication, country, study population, inclusion period, assay method for cTn and copeptin detection, and patients' baseline characteristics. The corresponding author (TH Lim) had full access to all the data in the study and took responsibility for its integrity and the data analysis.
Assessment of methodological quality
Two reviewers assessed the methodological quality of the primary studies at the study level. Patient selection, index test, reference standard, flow, and timing were assessed using a checklist adapted from the Quality Assessment of Diagnostic Accuracy Studies (QUADAS)-2 tool [14] . The key methodological issue of including studies would be the potential for incorporation bias. Elevation of cTn, which is a part of NSTEMI, was included as one of the index tests in this study.
Statistical analysis
For each primary study, sensitivity and specificity point estimates and corresponding 95% confidence intervals (CI) were calculated from extracted data for cTn alone and cTn with copeptin. We used SAS software, version 9.4 (SAS Institute, Cary, NC, USA), to perform a bivariate 7.1. Summary diagnostic accuracy estimates. The summary estimates of sensitivity, specificity, and positive and negative likelihood ratios were derived from bivariate mixed-effect regression model parameter estimates. The area under the summary receiver operating characteristic curve (AUC) was plotted using logistic estimates of sensitivity and specificity and the respective variance and covariance. True-positive, true-negative, false-positive, and false-negative rates were used to compute the sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV).
Sensitivity analyses.
A sensitivity analysis was performed for all studies except for one study where the enrolled patients were aged !70 years [15] . Subgroup analysis was also performed for the studies comparing the addition of copeptin to cardiac troponin I (cTnI) and high-sensitivity cardiac troponin T (hs-cTnT) assays.
Results

1.
Characteristics of study subjects 1.1. Literature search. A total of 1,496 records were identified through database searching (Fig 1) . After removing 369 duplicates, the titles and abstracts for 1,127 records were screened for eligibility. Of these, 48 records were identified as being potentially relevant, and full-text articles were retrieved for a more thorough review. After excluding 34 manuscripts after assessment of the full-text articles, 14 studies, which enrolled 7,998 patients, were included in the meta-analysis.
1.2. Characteristics of included studies. The 14 studies included a total of 7,998 patients, and the prevalence of NSTEMI was 14.2% (range 6.0-35.6%) [10, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . Only the CHOPIN study was a multinational study conducted in the USA and Europe, whereas all the other studies were conducted in Europe. The diagnostic threshold for copeptin was 14 pmol/L (range 7.4-14 pmol/L) in seven studies, and the cTn index tests consisted of cTnI assays in six studies (range 40-100 ng/L) and hs-cTnT assays in eight studies with a diagnostic threshold of 14 ng/ L (Table 1 ). S2 Table presents the patients' baseline characteristics. The number of true-positive, false-positive, false-negative, and true-negative values with the corresponding sensitivities, specificities, PPV, and NPV for NSTEMI is provided based on the cut-points for cTn (S3 Table) and the addition of copeptin to cTn (S4 Table) .
1.3. Assessment of study quality. All included studies were assessed to determine if they were low risk in patient selection and applicability (S1 Fig) . Eight studies were considered low risk. One study was assessed as high risk for flow and timing bias. In addition, the risk of bias for the index test and reference test were unclear in four and five studies, respectively.
Main results
2.1.
Comparison of overall diagnostic accuracy for cardiac troponin alone and the addition of copeptin. The combined assessment of cTn and copeptin ranged from 0.84 to 1.00 for sensitivity and from 0.23 to 0.74 for specificity (Fig 2) . On the other hand, cTn alone showed a sensitivity ranging from 0.56 to 1.00 with specificity ranging from 0.39 to 0.99. Overall, the addition of copeptin to cTn significantly improved the sensitivity (0.81 vs. 0.92, p < 0.001) and NPV (0.96 vs. 0.98, p < 0.001) and decreased the specificity (0.88 vs. 0.57, p < 0.001) compared to cTn alone (Table 2 ). In addition, adding copeptin to cTn has a lower diagnostic accuracy (0.91 vs. 0.85, p < 0.001) than the cTn alone (Fig 3) .
2.2. Subgroup analysis for adding copeptin between cardiac troponin I and high-sensitivity cardiac troponin T. The addition of copeptin to either cTnI or hs-cTnT significantly improved the sensitivity and decreased the specificity compared to cTnI or hs-cTnT alone (Table 3 ). More specifically, adding copeptin increased the sensitivity for cTnI (0.71 vs. 0.89, p < 0.001) and hs-cTnT (0.86 vs. 0.93, p < 0.001) and reduced the specificity for cTnI (0.96 vs. 
Abbreviations: NSTEMI = non-ST-elevation myocardial infarction; cTnI = cardiac troponin I; hs-cTnT = high-sensitivity cardiac troponin T; NR = not reported. Adding copeptin had a lower diagnostic accuracy compared to both cTnI and hs-cTnT.
Sensitivity analysis.
The sensitivity analysis was performed in 13 studies, with the exception of one study [15] . Adding copeptin to cTn significantly improved the NPV (0.96 vs. 0.98, p = 0.001) compared to cTn alone (S5 Table) . Upon restricting the analysis to the seven studies providing data for hs-cTnT, adding copeptin to cTn significantly decreased the NPV (0.96 vs. 0.93, p = 0.001) compared to cTn alone. As a result of the sensitivity analysis, adding 
Discussion
As demonstrated by this meta-analysis, the addition of copeptin significantly increased the sensitivity and NPV of cTn in NSTEMI patients compared to cTn alone. However, adding copeptin to cTn did not improve the diagnostic accuracy of NSTEMI as assessed by the pooled AUC, when compared to cTn alone. Sensitivity analysis was performed on all studies except for one study [15] ; adding copeptin to cTn increased NPV but showed lower diagnostic accuracy to cTn alone. In two recent meta-analyses, adding copeptin to cTn showed a higher sensitivity and lower specificity in the early rule-out of suspected AMI patients [4, 28] . The patients with STEMI should be assessed for immediate reperfusion therapy [3] ; suspected STEMI patients should not have to wait for laboratory results [1] . Meanwhile, cTn is essential in the diagnosis and management of patients with suspected NSTEMI [2] . It is of diagnostic value when ECG reveals no ST segment elevation in the presence of a high suspicion of myocardial necrosis. Thus, diagnostic characteristics of cardiac biomarkers for NSTEMI patients were assessed in this study.
Myocardial injury triggers neuroendocrine changes that result in the rapid release of copeptin into the circulation [29] . The measurement of copeptin <6 hours from the presentation of chest pain would make best use of its early release kinetics [10, 30, 31] . In AMI patients, copeptin levels are elevated 0-4 hours after the symptoms occur [32] [33] [34] . This rapid-release kinetic can cover the cTn delayed release period known as the "troponin-blind" period.
Physicians are frequently faced with the clinical decision-making scenario to either retain the patient for further observation or discharge low-risk patients whose initial cTn values were negative [35] . The sensitivity and specificity of a test have limited clinical usefulness as they cannot be used to estimate the probability of disease in an individual patient [36] . However, NPV, which tells us the probability of not having a disease, given as a negative test may be more useful to rule out AMI. Clinical assessment and the more reliable high NPV would help to rule out patients highly likely to not have AMI in the ED. Reichlin et al. tried to determine whether a combined testing strategy using copeptin and cTn could result in improved NPV for the rapid ruling-out of suspected AMI patients [37] .
In this study, we observed how the NPV varies when adding copeptin to cTn compared to cTn alone; the addition of copeptin to cTn significantly improved NPV compared to cTn alone. The discharge of patients negatively presenting with cTn would result in 4% of patients being inappropriately discharged with NSTEMI. However, adding copeptin to cTn would lead to a 50% reduction of inappropriate discharges. Nevertheless, this suggests that 2% of patients with both initially negative copeptin and negative cTn will still have an AMI. Although the NPV had significantly improved, the slight increase in the NPV raises questions about how effective it is in clinical situations.
The early diagnosis of AMI has significantly improved with the recent development of high-sensitivity assays, which reliably measure cTn concentrations that were not detected by previous generations of tests [38] [39] [40] . High-sensitivity cTn assays allow a more frequent and earlier detection of AMI in patients with chest pain than conventional assays [2] . Therefore, we analyzed the diagnostic characteristics of adding copeptin to cTn by distinguishing between cTnI and hs-cTnT.
As demonstrated by this meta-analysis, adding copeptin to either cTnI or hs-cTnT significantly improved the sensitivity and reduced the specificity compared to either cTnI or hs-cTnT alone. Adding copeptin to cTnI significantly improved the NPV compared to cTnI alone, but adding copeptin to hs-cTnT significantly decreased the NPV. The effect of copeptin on the NPV is different when copeptin is combined with hs-cTnT from cTnI; the addition of copeptin could be useful when applied with cTnI. The fact that only hs-cTnT was included in this study should be considered, because it is not obvious that hs-cTnT and hs-cTnI can lead to the same diagnostic accuracy, given that the analytical performances of these assays can differ significantly.
A study by Reinstadler et al. on the usefulness of copeptin in patients with suspected AMI in comparison with routine biomarkers indicated that the advantages of the dual marker strategy appear insignificant when hs-cTnT assays are used [41] . Meanwhile, Potocki et al. showed that when copeptin is used in combination with hs-cTnT, it significantly improved the diagnostic and prognostic accuracy [42] . This study assessed for patients with pre-existing coronary artery disease. These specific patients may show different diagnostic performances of the biomarker. Other studies concluded that the dual strategy should be applied to clinically selected patients with low to intermediate risk of AMI, so as to maximize the NPV if hs-cTnT assays are not available or approved for clinical use [43, 44] . Future studies about the diagnostic performance of the adding copeptin to hs-cTnT are necessary.
As shown in the pooled AUC, adding copeptin to cTn showed lower diagnostic accuracy for NSTEMI compared to cTn alone. Emergency physicians involved in the management of older patients encounter the diagnostic challenges of improved sensitivity but decreased specificity of hs-cTnT assays on a daily basis [45] . Reiter et al. revealed that the best cut-off value to rule in AMI varies substantially with age; older patients have nearly four times higher cut-off values with hs-cTnT [46] . As a result of the sensitivity analysis, except for one study that enrolled patients aged !70 years [15] , adding copeptin to cTn showed lower diagnostic accuracy (0.91 vs. 0.83, p < 0.001) compared to cTn alone, but improved the sensitivity (0.79 vs. 0.91, p < 0.001) and the NPV (0.96 vs. 0.98, p = 0.001). In this setting, the use of copeptin may be helpful in the diagnostic work-up for NSTEMI patients.
This meta-analysis has several important limitations. First, the between-study statistical and clinical heterogeneity was still unresolved in this study. The reasons for heterogeneity in estimates were related to variations of proportions of underling disease and risk factors of AMI, timing of enrollment, copeptin and cTn assays, and the cut-points across the original studies. This may restrict the quality and interpretation of data. Second, a major methodological concern exists in the included studies. There is the potential for incorporation bias with the baseline cTn value serving as the index test and being part of the reference standard of NSTEMI, based on indirect comparison. This may result in overestimating the diagnostic accuracy for cTn and, therefore, decrease the diagnostic value of copeptin. Third, most included studies were performed in Europe. Hence, these findings may not apply to patients from other regions.
Conclusions
The addition of copeptin to cTn improved the sensitivity and NPV for the diagnosis of NSTEMI compared to cTn alone. Thus, adding copeptin to cTn might help to detect NSTEMI early upon admission to the ED. The addition of copeptin to hs-cTnT could be a useful alternative if hs-cTnT assays are not available or approved for clinical use. Table. Number of true positives, true negatives, false positives, and false negatives based on the cardiac troponin I or high-sensitivity troponin T cut-point for studies providing these data. (PDF) S3 Table. Number of true positives, true negatives, false positives, and false negatives based on the addition of copeptin to cardiac troponin I or high-sensitivity troponin T cutpoint for studies providing these data. (PDF) S4 Table. Characteristics of patients in the included studies. (PDF) 
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